Abstract: This paper focuses on an optimal disposal mechanism by extending the work of Tripathy et al. [11] to consider the system cost as fuzzy under flexibility and reliability criteria. It has been observed that by using a non-random optimization technique the derived disposal plan may result in no substantial difference in the system cost between the crisp and fuzzy model. Various numerical analyses demonstrate the effectiveness of proposed method. The results of the best order size obtained by the robust study are in general, very satisfactory. Finally through numerical examples sensitivity analysis show the influence of key model parameters. Based on consistency study, fuzzy strategy is better off than that of fixed cost strategy. Through sensitivity and robust analysis the results indicate that the performance of the proposed approach is superior to that of its crisp model.
INTRODUCTION
The EOQ model is a simple mathematical model to deal with inventory management issues in a production inventory system. It is considered to be one of the most popular inventory models used in the industry, see Silver [1] , Silver et al. [2] , Urgelleitti [3] , Wagner [4] , and Whitin [5] . However, these models are developed under many restrictive assumptions. There are inexhaustible number of studies that focus on imperfect production processes in inventory management, see Cheng [6, 7] , Hadley et al. [8] , Porteus [9] , Rosenblatt et al. [10] , Tapiero et al. [11] and Tripathy et al. [12] in which the items produced are of perfect quality but in reality product quality is never perfect with the production process and quality assurance established to monitor the product quality. Many studies approach this problem in a fuzzy framework, see Lee et al. [13] , Vujosevic et al. [14] and Zimmermann [15] . Although there is some literature focussing attention on analytical approaches, Tripathy et al. [16] however, concentrated on using fuzzy optimization techniques for making in a disposal mechanism under flexibility and reliability criteria. Through very representative data our analyses show how such an approach can significantly improve fuzzy optimization in disposal mechanism. It will also show how a decision maker can dynamically access the various strategies as more information will become available during the optimization process. It is believed that the approach will be appealing because of its case of implementation. In real life situation uncertainty arises in decision making problem due to either *Address correspondence to this author at the Department of Business Administration, Utkal University, India; Tel: 08895436436, 09937484316; E-mail: monalisha_1977@yahoo.com lack of knowledge or inherent vagueness. In this paper economic order quantity in the fuzzy sense is tied with process flexibility and reliability considerations. The approach presented here is different from Tripathy et al. [16] in which the total cost function is expressed as: + Hq 2r
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where, F 1 = ar (1 r) (2) where, Z(r, , q) is the total relevant cost per unit time.
The method is then relaxed and two important costs affecting the output of inventory model, namely setup cost and inventory holding cost are assumed to be fuzzy. The motivation for the study lies in the author's observation that the setup and inventory holding cost are not precisely known in practice but subjectively estimated. This puts an observational bias incorporating errors to the total cost. The computational error can be greatly reduced by the procedure of defuzzifying the fuzzy variables to compute the total cost. There are two important aspects of working with this paper, the first one being related to the development of theoretical basis for the fuzzy procedure using the work of Mahata et al. [17] and the other one being the numerical evaluation of this fuzzy model as applied to crisp model of Tripathy et al. [16] exposing its relative efficiency.
In this paper a generalized mathematical model is developed in which the shortcomings of all the previous models are taken care of. The primary difference of this paper as compared to previous studies is that, we introduce a generalized inventory model by relaxing the traditional inventory model in different ways which are described in Table 1 . We then establish several theoretical results to characterize the optimal solution under various situations and prescribe five numerical examples to illustrate the given model. The adoption of this method ultimately depends on its cost savings as well as sensitivity to values of various cost parameters.
ASSUMPTIONS AND NOTATIONS
Here in the model Tripathy et al. [16] , demand for the product exceeds supply, all items are subjected to inspection and all defective items are discarded. The unit cost of production is inversely related to both process reliability and demand according to the general power function. P(r, ) = a (1 r) c b where, a, b and c are nonnegative real numbers so as to be chosen to provide the best fit of the estimated cost function. S and H be the setup cost per production run and inventory carrying cost per unit time respectively. q and indicate production quantity per production run and demand respectively. r and p(r, ) be the production process reliability and unit cost of production respectively. Similarly Z(r, ,q) and M TC (r, , q) be the total cost of setup, production and inventory holding per unit time in crisp and fuzzy strategy respectively.
DESCRIPTION OF THE PROPOSED MODEL
The proposed fuzzy model is the simplest and the most efficient, but the uncertainty itself is almost neglected. Since it calculates the fuzzy cost values and then determines the minimum of their defuzzifyied values. It requires less computational efforts for comparison of fuzzy numbers. The triangular fuzzy models are simple and there are no computational problems at all. However it is not easy to say which of the described models is the best or most appropriate. There is a general recommendation that it is always better to keep uncertainty in the model as long as possible. From that point of view the triangular fuzzy method is the best one. In any case one may opine that an analysis like the one presented in this paper provides the decision maker with a differ insight into the problem.
We replace the set up cost and inventory holding cost by fuzzy numbers S and H respectively. By expressing S and H as the normal triangular fuzzy numbers (S 1 3 and 4 are determined by the decision maker based on the uncertainty of the problem.
The membership function of fuzzy set-up cost and fuzzy inventory holding cost are considered as:
; other wise (4) Then the centroid for S and H are given by
and
For fixed values of r, and q, let Z(S,H)=F 1 (r, ,q)+ F 2 (r, ,q)S+ F 3 (r, ,q)H=y.
By extension principle the membership of the fuzzy cost function is given by,
Now,
; other wise (6) where, .. .
the equations 3 and 6, the value of PQ may be found by solving the following equation: 
From the equations 3 and 6, the value P'Q ' may be found by solving the following equation.
Thus the membership function for fuzzy total cost is given by
; other wise (9) Now let P 1 = μ Z ( S, H ) (y) dy and R 1 = y μ Z ( S, H ) (y) dy .
Hence the centroid for fuzzy total cost is given by
Now for minimizing total average cost per unit time, the first partial derivative of M TC (r, , q) with respect to r, and q are set to zero to obtain the necessary optimality conditions: (14) from which r = 1 c + 1
SPECIAL CASE
After substituting the stationary points
As shown in the Appendix-A, we derive the sufficient condition for stationary points (r*, *, q*) as f r*r* f r* * f r*q* f *r* f * * f *q* f q*r* f q* * f q*q* > 0
OBSERVATION AND PROPOSITION
Our objectives in this section are to analyze the structure of our model in order to gain insights into its behaviour corresponding to reliability, demand rate and production lot size. For the purpose of brevity, all the proofs are omitted for the following propositions.
Proposition 1
If r<.5, f r turns to be positive; which means that the curve of total average cost M TC (r, , q) is a rising one from left to right.
Proposition 2
The curve of total average cost M TC (r, , q) is concave upward in r, and q.
Proposition 3
The total average cost M TC (r, , q) is an increasing function with respect to H and decreasing function with respect to both and q.
Numerical Analysis
Here the following numerical examples are considered to illustrate the effectiveness of the proposed model.
Example -1
a=10, b=1, c=1, H=5, S=100, 1 =0.1, 2 =0.2, 3 = 0.01and 4 =0.02. 
SENSITIVITY ANALYSIS
In Tables 3.1 to 3.5, it can be seen that the demand , the optimal order quantity q and the optimal total average cost M TC are insensitive to the change of the parameters 1 , 2 , 3 and 4 . The demand , the optimum order quantity q and the optimum total average cost M TC are very sensitive to the changes of the parameters a, b and c. This is a very practical aspect of the proposed fuzzy model.
The above mentioned tables illustrate the relative changes of , order quantity q and total cost M TC , when each parameter is being changed from -60% to +60%. For all cases it also shows that the 60% decrease in parameter b gives a minimum optimal total average cost.
In the Tables 3.1 
ROBUST
In the previous section it is observed that, the best order size q* comes out to be the solution of the equation (18). In practice, however, the exact form of the decision parameters characterized by the numerical values of the parameters 1, 2 , 3 and 4 , that suitably represent variations in the proportion of the units in a particular situation may not be known in advance. The possible non availability of such records and the errors of estimates must however, be kept in mind. Hence it will be worthwhile to investigate how the best order size q* changes with the change in any or more of the four parameters 1, 2 , 3 Entries in Tables 5.1 (a) to 5.9(a) supplemented by calculations of similar values of the ratio q '* point to possible robustness of the optimal order quantity when the decision parameters 1 , 2 , 3 and 4 are under, over or equally estimated.
INTERPRETATION OF THE ANALYSES

CONCLUSION
An inventory model under flexibility and reliability criteria is considered in a non-random optimization environment. For highly demanded quality products normally, planning horizon is taken as finite and of crisp in nature. But in reality due to rapid change of environment, demand for the items fluctuates every year. So it is worthwhile to consider the planning horizon as uncertain in nature. Here stochastic nature of the uncertain planning horizon is considered. Complexities of the models increase when some other parameters of the model become imprecise in non-stochastic sense that is fuzzy in nature. Due to constraints of the system, the average level of investment necessary to operate effectively is assumed to be fixed in managing the long term investment in inventory management. Clamping by the backdrop of many factors, the system cost seems to be considered fixed. The methodology presented here shows that the total variable cost in the same industry with the crisp and fuzzy are almost the same. The optimal solution will be a good approximation with fuzzy strategy than that of crisp, when flexibility and reliability criteria are considered.
For giving managerial insights into the non-random optimization approach, a sensitivity analysis is performed to determine the sceneries which would result in vibration of the setup cost and inventory holding cost. It is examined that the total cost corresponding to our fuzzy solution in presence of reliability criteria is 0.0256 % more consistent than the cost obtained by the crisp. The proposed approach continues to work dynamically as the market evolves; it makes sense from our experience to conclude that this model can be an effective tool for dynamic inventory models.
Simulated sampling distribution converges around skewness of zero and kurtosis of three. In Table 6 .1 the results obtained from the data admitting normality are what would be expected. The conclusion drawn from this analysis is that managers making financial aid decisions are better equipped to make informed decisions using vibrated values of decision parameters during implementations of the model.
In order to provide an assessment of the effectiveness of the present paper, further research should be included to a comprehensive numerical investigation of real life situations and identify the nature of system cost and empirically test more extricable for these effect of the values of the firm. With vibration in the system cost, the risk of the total cash flow can be reduced and hence the risk implication of the altering system cost may now be ignored.
There have been many methods to be proposed for the modelling in a non-random optimization environment with a disposal mechanism under flexibility and reliability criteria. However they cannot meet the real choice process with performance evaluation because most of the methods are the mathematical models. This is real critical subject that can result in choosing a disposal mechanism with various performances. The most important part of this, it gives a concrete result by recording the expert's previous experiences and process this with fuzzy logic arithmetic. As a future study it is possible to develop this method by using numerical performances criteria (DEA) to use objective and subjective evaluations together.
Also further research should include a comprehensive investigation of real life system and identify the nature of the system cost and empirically test most extricable for their effect. Further this model can be extended to consider the time value of money. Future study will incorporate more realistic propositions. q '* = q ' q * (A11)
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